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Dear Sin 

1. Thomas N. Marieb, hereby declare that: 

L I am a citizen of the United States of America. 

2. I currently reside at 1651 1 1th Avenue, San Francisco, Califoinia 94122, 

3. I am currently and have been employed by Intel Corporation ("Intel") since 1994, 

4. My position at Intel is Principal Engineer, 

5. I am a co-inventor of the above-identified patent application, 

6. Intel is the assignee of the above-identified patent application. 

7. I have reviewed U.S. Patent No. 6,277,730B 1 issued to Yuasa (die " Yuasa " 
patent) which was filed on February 1 6, 1 999. The Examiner has cited the Yuasa patent against 
the claims of the above-identified application. 
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8. The invention disclosed and claimed in the above-identified patent application was 
conceived in the United States of America at least as early as Februaxy 16, 1 999, as evidenced by 
the attached document entitled "Intel Invention Disclosure Fomi." This document was reduced 
to writing at least as early as February 1 6, 1999, This document demonstrates conception of the 
invention of the instant application, and it was prepared based upon my own origiixal work. 
Between its conception and its constructive reduction to practice by the filing of the above^ 
identified patent sppliczSion on February 19, 1999, co-inventor Donald S. Gardner and I directed 
simulations in a diligent effort to reduce the invention to practice. Therefore, the conception and 
diligence towards reduction to practice of the invention disclosed and claimed in the above* 
identified patent application occurred prior to the earliest priority date of the Yu?sa patent 

9. The document provided herewith is designated "Intel CbnfidentiaJ.*' It is Intel's 
practice to maintain in secrecy all documents designated "Intel Confidential." I believe tiiat the 
document jfrom vMch these excerpts come has at all times prior to the filing date of the above- 
captioned application been maintained in a confidential manner. 

I hereby declare that all statemwts made herein of my own knowledge are true and that all 
statements made on information axui belief are believed to be true; and further that these 
statements were made with Ae knowledge that willfixl false statements and the like are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 1 8 of die Uxdted States 
Code, and that such willful false statements may jeopardize the validity of the above-identified 
application or any patent issued thereon. 



Respectfully submitted. 




Thomas N. Marieb 
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Al-Cu-Ti Alloys for InterconnectioDS 
in Integrated Circuits 



Donalds. Gardner 
Thomas AHMarieb 



Interconnectioas increasingly dctennioe th« lUttitt in pctfonnuce. rdl«biUfy.ud power 
consumption for ULSI and requiie new materials. A techniqpe to impiove the inteitonnMiQn 
mecallizadon is lo alloy aluminum widi small amounts of another dement such a$ co^^ that haa a 
}ow residual itsistiviiy and solid solobtlity in aluminuncL Al«OJ%Cu is commonly used today in 
interconnections, but further improvemem is needed. A new alloy being eoosidered for 
Interconnecdom is Al*Cu-Ti because of its minimal impact on resifdvity and potemially higher 
reliability. 

Good resistivily can be malntni'*rt in aluminum alloys by keeping ibe solubility low* becaiise 
the lattice <rf the aluminum maoix is not distorted. insscadpmdpitaBBafaRn or die solusa segrepktee 
at die ^ain boundaries* Itedpitema do not have e detmmeotal dto on die tcaiatiEv^ 
potendally improve die electiomtgradoo and itiett voidisf KfiwSmff Meaaurcmeata of the 
resistivity of AI«0.S^u-0.1%11 were foimd to be similar to A14*SMCu widi vahies of 2J to 
3.1 ^-cm* The Tr ^"^"<^ sdid solubility of dtanium b pure afaiminum is 0.57 wl% end the 
residual resistivity is about 2.9 ^Q<m per OJ at% titanium {\\. This would result In e Uglier 
resistivity than that observed in die Al^Cu-Ti alloys of about 1*5 yXk^ when taking into 
account the 0.81 ^0-cm/aLM ftaidual resisdvity of copper in aluBumim[2]. The differcnoe ia 
probably because the wfpm ia acdng like ^con does in Al-S-Ti alloya. When ^ficeo ia added 
with titanium in aluminum, the resisdvity of a homogeneous ahsninum alloy typically dropa by 
25percent[3]. The siUcon is raducing die sdid solubOi^ of dtanium in aluminum ^ 
t mechanism for the formadon of Ti{AI,Si)i diereby eliminadng the supersaturedon of dtanium in 
aiuminum [3]. The solid sdubifiiy ia also a fittction of temperature and becomes oegSyble at 
room temperature if the structure were in equilibrium, so die tesisdvi^ also depends on the 
thermal treatmenL 

In deciromi^don tests, die addidon of 0.1 at% Ti to die traddonal Al-O.SMCtt inoreaaed 
lifetime in dn^e level test stnictures by a factor of ai two wfafle keeping r^isdvity about 
^ thejafflfit^The metallizadoo used in die test were muldleyered smictens diat are similar to tliose 
commonly found in microdiips tod^« » Ti/Ti24/Al alloy/n/IiN. 

This dectranigruioo improvement In combinadott widi die natdmat impaet en resistivtQf 
/ 7 make dtis alloy a promising new caniEdatc for interconneedcm mebdtiaadon. 
- [ n E. Babic R- Kimifc and M. Ocko, X Physfcs F: Metal Phys^ ¥XU MX 73-S3, 

[21 R M. d'Heuxle and A- Gangulee. in Reliability Physics Symp^ IEEE, 10 pp. 165-170, 1971 
[31 D. S. Gaidner, PliD. Thesis, Stanford Univ, pp. 132-140, IMS. 




